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ABSTRACT 
 
Aims: To study the spectral and thermal characteristics, and the oil, starch, polyphenol and mineral 
contents of seeds and leaves from three Sapotaceae species, provided that trees and shrubs of 
this family are an important source of nutritional and functional products. 
Original Research Article 
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Methodology: Leaves and seeds from three Sapotaceae plants, namely Moa tree (Madhuca indica 
J. F. Gmel.), Chico sapote (Manilkara zapota (Linn.) van Royen) and Spanish cherry (Mimusops 
elengi Linn.), were collected in the Raipur area of Chhattisgarh, India. Their physicochemical 
characterization (including oil, polyphenol, starch and mineral contents; functional groups; and 
thermal degradation patterns) was carried out by using various techniques, viz. solvent extraction, 
spectrophotometry, enzymatic digestion, X-ray fluorescence (XRF) and Fourier-transform infrared 
(FTIR) spectroscopies, thermogravimetric/derivative thermogravimetric (TG/DTG) and differential 
scanning calorimetry (DSC), respectively. 
Results: The three Sapotaceae seeds under study were found to contain polyphenol, mineral, 
starch and oil contents in the 1850–23180 mg/kg, 11390–19385 mg/kg, 6.7–9.1% and 9.8-54.1% 
range, respectively. Their leaves and seed coats featured total phenolic contents in the 24260–
28600 mg/kg and 7810–23060 mg/kg range, respectively, and mineral contents in the 8823–27462 
mg/kg and 3619–15884 mg/kg range, respectively. The functional groups of the phytochemicals, 
studied by FTIR, were assigned. Their thermal decomposition patterns, which involved loss of 
water and volatile organic compounds, proteins, oil and starch/cellulose, were also described. 
Conclusion: The Sapotaceae leaves, seed coat, kernel and cake are enriched with very high 
contents of starch, proteins, polyphenols and minerals, suggesting their possible valorization in 
human food, animal feeding and as herbal medicines. 
 
 
Keywords: FTIR; oil; polyphenol; Sapotaceae; starch; thermal analysis; XRF. 
 
1. INTRODUCTION 
 
The Sapotaceae are a family of flowering plants 
belonging to order Ericales. They are deciduous 
trees widespread across India with a wide range 
of local uses as a food source and in Ayurvedic 
medicine [1,2,3,4,5,6,7]. Their pharmacological 
properties should be referred to their content in 
sapogenins, triterpenoids, steroids, saponins, 
flavonoids and glycosides. 
 
In this work, three representative trees from this 
family, namely Madhuca indica J. F. Gmel. 
(Madhuca longifolia (Koenig) J. F. Macb. var. 
latifolia (Roxb.) Cheval., syn. Madhuca latifolia 
Macb., Bassia latifolia Roxb.), Manilkara zapota 
(Linn.) van Royen, and Mimusops elengi (Linn.) 
are studied.  
 
Moa, Mahua or Butternut tree (M. indica) shows 
multiple applications: its flowers are used as a 
seasonal grain substitute [8], cooling agent, 
tonic, aphrodisiac, and for the treatment of 
helminths; its bark is used as decoction for 
rheumatism, bleeding and spongy gums; its 
leaves are used in verminosis and gastropathies 
treatments [9]; and its seeds are of economic 
importance as a good source of edible fats [10]. 
Chico sapote (M. zapota) produces edible fruits 
and is also the source of chicle, a chewing gum 
component. Moreover, its leaves exhibit 
antihyperglycemic, hypocholesterolemic and 
antioxidant activities [11]. As regards Bakul (M. 
elengi), gutta percha (a trans-1,4-polyisoprene) 
and dental products are obtained from its latex, 
and its extracts had been reported to possess 
antibacterial, antifungal, anti-cariogenic, free 
radical scavenging, antihyperglycemic, 
antineoplastic, gastroprotective, antinociceptive 
and diuretic effects [12]. Furthermore, the oils 
from the seeds of the three trees under study 
have been reported to have potential uses in 
biodiesel production [13,14]. 
 
Total phenolic and polyphenol contents of M. 
zapota and M. elengi leaves and kernels had 
been reported in the literature [15,16,17], and, 
more recently, seventy-two volatile compounds 
were identified in the headspace of M. zapota 
fruits [18].  
 
In order to complete the data reported to date in 
the literature, the aim of this article has been to 
characterize the seeds and leaves of M. indica, 
M. zapota and M. elengi by rapid techniques of 
structural and thermal elucidation (ATR-FTIR, TG 
and DSC) and to evaluate their contents in trace 
elements, starch and polyphenols. The former 
goal is a requisite for the commercialization of 
Sapotaceae-derived products, and the latter is of 
key importance with a view to their 
pharmacological applications.  
 
2. MATERIALS AND METHODS 
 
2.1 Plant Collection  
 
The plant samples from M. indica, M. zapota and 
M. elengi were botanically authenticated with the 
aid of standard monographs [19]. Their leaves 
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and fruits were collected from the Raipur area of 
Chhattisgarh, India (21°15′0″ N, 81°37′48″ E) in 
May-July 2016. They were stored in plastic bags 
and transported to the laboratory. The seeds 
from the fruits were manually separated.  
 
The plant leaves were washed with the de-
ionized water and air-dried. They were sundried 
in a glass room for one week, then further dried 
for 24 h at 50°C in an oven, and finally stored in 
glass containers at -4°C in a deep freezer till the 
analyses were conducted. 
 
2.2 Physical Parameters  
 
The mass of randomly selected biomass 
samples was determined by weighing with an 
AY120 electronic precision balance (Mettler 
Toledo, Columbus, OH, USA; ±0.0001 g). Bulk 
density (in kg/m3) of the biomass was determined 
by the toluene displacement method [20].  
 
The biomass sample was ground with a universal 
laboratory mill to pass through a sieve of mesh 
size ≤ 0.10 mm, finally getting a fine powder. 
 
The moisture content of the biomass was 
determined by drying samples in triplicate at 
105°C in an air oven for 6 h prior to the analysis, 
and mean values are reported. All 
characterization results are presented on a dry 
weight (dw) basis. 
 
2.3 Oil Content Analysis 
 
To determine oil contents, 5.0 g of dried seeds 
were agitated with 25 mL of n-hexane in a 
centrifuge tube in a Vortex REAX Top shaker 
(Heidolph, Schwabach, Germany) at 2500 rpm 
for 1 min, as described by Górnaś [21]. The 
combined supernatants were evaporated in a 
rotary vacuum evaporator at 40°C until constant 
weight was reached. The oil content was 
expressed in % (w/w) on the seed dry weight 
(dw) basis. 
 
2.4 Starch Content Analysis 
 
AR grade regents, including sodium maleate 
(CAS 371-47-1) buffer, sodium acetate (CAS 
371-47-1) buffer, potassium hydroxide (CAS 
1310-58-3), amyloglucosidase (CAS 9032-08-0), 
pancreatic-α-amylase (MDL MFCD00081319) 
and glucoseoxidase–peroxidase, were 
purchased from Megazyme International Ireland 
Ltd. and were used for the starch analysis.  
The starch content of seed kernel was analyzed 
by the enzymatic digestion method [22]. Amylase 
and amyloglucosidase were used for the 
hydrolysis of the soluble starch, which was 
carried out at 37 °C for 16 h. The hydrolysis of 
the resistant starch was performed in an acetate 
buffered KOH solution. The glucoseoxidase–
peroxidase reagent was employed for the 
spectrophotometrical measurement of the 
resulting glucose. 
 
2.5 Phenol Content Analysis 
 
AR-grade Folin-Ciocalteu reagent, aluminum 
chloride (CAS 7446-70-0), tannic acid (CAS 
1401-55-4) and quercetin (CAS 6151-25-3) were 
employed for the phenolic content analysis, all 
purchased from Sigma–Aldrich. 100 mg of 
powdered sample were extracted with 5 mL of an 
acetone:water (70:30, v/v) solution in an ultra-
sonic bath for 20 min at 20°C. Then, 5 mL of a 
fresh acetone:water (70:30, v/v) solution were 
added to the mixture and the extraction was 
repeated for 20 min at 20°C. After centrifugation, 
the supernatant was collected. The total phenolic 
content of each extract was determined as tannic 
acid equivalents by using the Folin-Ciocalteu 
reagent, according to the method of Singleton 
and Orthofer [23]. The flavonoid content was 
determined by the aluminum chloride method as 
quercetin equivalents [24]. The analyses were 
conducted in triplicate. 
 
2.6 Mineral Content Analysis 
 
The X-ray fluorescence (XRF) analysis of the 
elements present in the samples was carried out 
in triplicate by using a Bruker III Tracer SD 
T3S2731 (Kennewick, WA, USA) spectrometer 
equipped with a 4W rhodium anode and Xflash 
SDD with 2028 channels. The calibration was 
carried out by using standard brown and white 
cowpea seeds and mango leaves and pulp 
samples. 
 
2.7 Vibrational and Thermal 
Characterization 
 
The vibrational spectra in the 400-4000 cm-1 
spectral range was characterized using a 
Thermo Scientific (Waltham, MA, USA) Nicolet 
iS50 Fourier-Transform Infrared (FTIR) 
spectrometer, equipped with an in-built diamond 
attenuated total reflection (ATR) system, with                   
a 1 cm
-1
 spectral resolution and averaging 64 
scans. 
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Thermogravimetric/derivative thermogravimetric 
analyses (TG/DTG) and differential scanning 
calorimetry (DSC) analyses were conducted with 
a Perkin-Elmer (Waltham, MA, USA) STA6000 
simultaneous thermal analyzer by heating the 
samples in a slow stream of N2 (20 mL·min
-1
) 
from room temperature up to 800°C, with a 
heating rate of 20°C·min-1. Pyris v.11 software 
was used for data analysis. 
 
2.8 Statistical Analyses  
 
An ANOVA was conducted to compare TPh, Fla, 
oil and starch contents in the various plant parts. 
Tukey’s multiple range test at 0.05 probability 
level (P<0.05) was chosen for the post hoc 
comparison of means. Pearson's correlation test 
was used in order to assess the association 
among the quantitative variables under study 
(viz. oil, soluble starch, resistant starch, TPh, Fla, 
K, Rb, Mg, Ca, Sr, Al, P, S, Cl, As, Ti, V, Mn, Fe, 
Co, Cu, Zn, Mo and Pb contents). The statistical 
analyses were conducted in IBM SPSS software.  
 
3. RESULTS AND DISCUSSION 
 
3.1 Physical Characteristics  
 
The physical characteristics of M. indica (MI), M. 
zapota (MZ) and M. elengi (ME) samples are 
summarized in Table 1. Their leaves were dark-
green colored, with different shapes, as shown in 
Fig. 1. Seeds were light-brown colored, with a 
light yellow-colored kernel. The microscopic 
images of the MI, MZ and ME leaves, kernels 
and seed coats are presented in Fig. 2. The 
kernel samples seemed to be amorphous, unlike 
the seed coat and leaves samples. The average 
leaf mass for MI, MZ and ME was 2453±48 mg, 
926±22 mg and 1365±25 mg (dw), respectively. 
The average mass per single seed of MI, MZ and 
ME was found to be 2235±43, 650±12 and 
614±15 mg (dw), respectively, out of which the 
kernel accounted for 71.1% (645±11 mg), 37.9% 
(403±7 mg) and 30.0% (430±8 mg) of the total 
seed weight, respectively. Similarly, kernel mass 
per single seed was 1590±32 mg, 247±5 mg and 
184±4 mg for MI, MZ and ME seeds, 
respectively. Among the three species under 
study, a higher mass of both leaves and seeds 
was observed for MI. The bulk density of the leaf, 
seed kernel and seed coat samples varied from 
512 to 684 kg/m
3
, with a mean value of 595 
kg/m3. The moisture content varied from 2.2 to 
6.2% and showed a good correlation (r = 0.94) 
with the mass of the respective biomass samples           
(Table 1). 
3.2 Vibrational Characteristics  
 
The ATR-FTIR spectra for leaves, seed coat and 
seed kernel samples from the three species of 
the Sapotaceae family under study are depicted 
in Fig. 3. The corresponding assignments of the 
bands are summarized in Table 2. Peaks at 
around 3300 cm-1 (ν OH) corresponded to typical 
characteristic absorption from cellulose [25]. 
Peaks at 2922-2917 cm
-1
 (–CH2 aldehydic 
symmetrical stretching) and at 2854-2850 cm-1 (-
CH stretching) indicated the presence of cutine 
and wax. Peaks at 1735 and at around 1370 cm-1 
were indicative of hemicellulose, specifically of 
C=O stretching (1733 cm-1) and -CH3 symmetric 
deformation (1378-1369 cm-1). Prominent bands 
in the 1340 to 890 cm
-1
 region were also 
attributed to cellulose: at 1336 cm-1 (δ CH in-
plane), 1320-1316 cm
-1
 (C-H vibration), 1153-
1147 cm-1 (ν C-O-C in bridge, asymmetric), 1038-
1031 cm
-1
 (ν C-O or –C-O-C- stretching) and 
896-894 cm
-1 
(ν C-O-C in bridge, symmetric, 
characteristic of the glycosidic ring in cellulose). 
The presence of pectin was indicated by peaks 
associated with COO- asymmetric and O-CH3 
stretching (at 1454-1445 cm
-1
) for calcium 
pectate and with –CH3 distortion (1242-1231 cm
-
1) for pectic ester. The band that appeared at 
1424-1416 cm
-1
 can be attributed either to 
cellulose (ρ CH2, sym.) or to symmetric 
stretching vibration for calcium pectate [26]. 
Bands at 831-819 cm-1 were due to aromatic C-H 
out-of-plane binding or to C-O-C deformation and 
they suggested the presence of D-Glc 
pyranoside configurations. Bands in the 776-717 
cm
-1
 range, assigned to O-C=O in-plane 
deformation or to a CH2 rocking deformation, 
were attributed to phenolic components. For 
samples from leaves and seed coat, two bands 
attributed to lignin could be observed: the band 
of the aromatic ring stretching of the lignin (1606 
cm-1), which appeared at 1617-1597 cm-1; and 
the band of the aromatic skeletal vibration (C=C 
aromatic symmetrical stretching), at 1515-1507 
cm-1. This latter band did not appear in the 
spectra for seed kernel samples and its intensity 
divided by that of the band at 895-881 cm-1 (also 
missing for seed kernel) informed on the 
functionality of the lignin. 
 
Seed kernel samples showed strong 
characteristic bands at around 1744 cm-1, 1650 
cm
-1
, 1540 cm
-1
 and 950 cm
-1
. The band at 1744 
cm-1, assigned to C=O (non-conjugated moieties 
vibrations), could be associated to the stretching 
vibration of the ester carbonyl functional groups 
of the triglycerides. The peak obtained at           
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1661-1634 cm−1 could be characteristic of C=C 
absorption cellulose when it is cross-linked and 
dehydrated, but may also be assigned to amide 
N–H & C=O stretching from mucilage [27] and to 
an enrichment in unsaturated oils. The presence 
of this band, typical of the vinyl group, justified 
the quantitative presence of unsaturated oils in 
the kernel of all the seeds under study. The 
sharp, intense C-H wags at 1000, 926 and 923 
cm-1 were also indicative of vinyl. It is known that 
Sapotaceae oil (at least in the case of Argania 
spinosa [28]) is obtained from the kernel and not 
from the seed coat. 
 
Analysis of band maxima positions: The 
absorption bands at 3330 cm-1 in the seed coat 
samples were shifted 30 cm
-1
 towards higher 
wavenumbers as compared to the kernel and 
leaves samples. Another is the case for the 
absorption bands at 896-881 cm
-1
, which were 
shifted 30 cm-1 towards lower wavenumbers than 
in kernel samples or, as it occurred for the band 
at 1740 cm-1, were shifted between 3 and                
11 cm
-1
 towards lower wavenumbers than in the 
kernel samples. For leaves samples, the band 
that occurred at 1318 cm-1 was shifted towards 
higher wavenumbers vs. those in seed coat 
samples and towards lower wavenumbers vs. 
seed kernel ones, whereas the band at 1043 cm
-
1
 was shifted towards higher wavenumbers in 
comparison with the seed coat and seed kernel 
samples (although this shift was more 
pronounced for seed coat samples). The band at 
560 cm
-1
 was absent in seed kernel samples. 
 
Analysis of absorbance intensities: For all the 
seed kernel samples, a noticeable increase in 
intensity occurred for the bands at 2920 cm-1, 
2850 cm
-1
 and 1733 cm
-1
, whereas a decrease in 
intensity occurred for the band at 1232 cm-1. For 
M. indica seed coat sample, an increase in 
intensity was found for the bands at 1450 cm-1 
and 820 cm
-1
. 
 
Comparison with spectra from leaves 
extracts: FTIR bands in the crude M. elengi 
leaves extracts recorded by Prakashet et al. [29] 
appeared at 2928 cm
-1
, 1618 cm
-1
, 1445 cm
-1
 
and 1041 cm
-1
, in excellent agreement to those 
reported above for leaves and seeds.  
 
3.3 Thermal Characteristics  
 
DSC, DTG and TG curves were registered for 
the nine samples under study (Figs. 4-6). Fig. 7 
shows a comparison of the TG curves for M. 
indica, M. zapota and M. elengi seed samples, 
evidencing differences in weight loss. Leaves 
and seed coat samples curves were 
distinguishable from those of seed kernel 
samples because the curves of the former two 
showed a plateau of stability between 100°C and 
300°C, whereas in seed kernel samples there 
was a continuous loss of mass from the 
beginning up to 240°C. On the basis of the 
temperature of the endothermic effects above 
300°C, it can be deduced that, at higher 
temperatures, seed kernel samples were more 
stable (400°C) than leaves and seed coat 
samples. Furthermore, M. elengi seed coat 
samples showed higher stability than those of M. 
indica and M. zapota.  
 
 
 
Fig. 1. Images of seeds, seed kernels and leaves of Madhuca indica (A, D & G), Manilkara 
zapota (B, E & H) and Mimusops elengi (C, F & I) 
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Fig. 2. Optical microscope images at different magnifications for the different samples under 
study 
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Table 1. Physical characteristics of the samples from the selected Sapotaceae species 
 
Parameter Madhuca indica Manilkara zapota Mimusops elengi 
Leaves Seed 
kernel 
Seed 
coat 
Leaves Seed 
kernel 
Seed 
coat 
Leaves Seed 
kernel 
Seed 
coat 
Color Dark green Light 
yellow 
Light 
brown 
Dark 
green 
Light 
yellow 
Dark 
brown 
Dark 
green 
Light 
yellow 
Dark 
brown 
Shape Lanceolate-
ovate 
Elliptic Oblong 
shaped 
Elliptic-
oval 
Narrow-
ovate 
Oval 
shaped 
Elliptic-
oblong 
Obovate Oblong 
ellipsoid 
Mass, mg 2453±48 1590±32 645±11 926±22 247±5 403±7 1365±25 184±4 430±8 
BD, kg/m3 581±12 684±13 615±11 602±10 614±13 567±10 613±12 512±10 564±13 
Moisture 
content, % 
6.2±0.2 4.3±0.2 3.4±0.2 3.8±0.2 2.7±0.1 3.1±0.2 4.4±0.2 2.2±0.1 3.9±0.1 
 
 
 
Fig. 3. Comparison of the leaves (black), seed coat (red) and seed kernel (blue) ATR-FTIR 
spectra of samples from: (a) Madhuca indica, (b) Malinkara zapota, and (c) Mimusops elengi  
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Fig. 4. DSC (dotted line, y-axis on the left side of the graph), TG (solid line, first y-axis on the 
right side of the graph) and DTG (dashed line, second (rightmost) y-axis on the right side of 
the graph) curves for M. indica, M. zapota and M. elengi leaves samples 
 
 
 
Fig. 5. DSC (dotted line, y-axis on the left side of the graph), TG (solid line, first y-axis on the 
right side of the graph) and DTG (dashed line, second (rightmost) y-axis on the right side of 
the graph) curves for M. indica, M. zapota and M. elengi seed coat samples 
 
 
 
 
Chakradhari et al.; EJMP, 27(4): 1-16, 2019; Article no.EJMP.48539 
 
 
 
9 
 
 
 
Fig. 6. DSC (dotted line, y-axis on the left side of the graph), TG (solid line, first y-axis on the 
right side of the graph) and DTG (dashed line, second (rightmost) y-axis on the right side of 
the graph) curves for M. indica, M. zapota and M. elengi seed kernel samples  
 
 
 
Fig. 7. Comparison of the TG curves for M. indica, M. zapota and M. elengi samples, evidencing 
differences in weight loss 
 
3.4 Oil and Starch Contents  
 
The phytochemical characteristics of seeds and 
leaves are shown in Table 3. The oil fraction in 
the seed kernels from MI, MZ and ME was found 
to be 54.1±1.1%, 25.2±0.5% and 9.8±0.2%, 
respectively. The insoluble (resistant), soluble 
and total starch contents in the kernel of MI, MZ 
and ME ranged from 0.81 to 2.29%, from 6.7 to 
9.3%, and from 7.51 to 11.59%, respectively. 
The maximum oil, resistant and soluble starch 
contents were found in the MI seed kernel. 
 
Taking caloric values of 9, 4 and 2 kcal/g of oil, 
protein and starch, respectively [30], the 
estimated caloric value for 100 g (dw) of MI, MZ 
and ME seed kernel would be ca. 647, 507 and 
434 kcal, respectively. 
 
 
 
 
Chakradhari et al.; EJMP, 27(4): 1-16, 2019; Article no.EJMP.48539 
 
 
 
10 
 
Table 2. Main absorption bands in the ATR-FTIR spectra for leaves, seed coat and seed kernel 
samples from three species of the Sapotaceae family (all wavenumbers are expressed in cm
-1
) 
 
M. indica 
leaves 
M. zapota 
leaves 
M. elengi 
leaves 
M. indica 
seed coat 
M. zapota 
seed coat 
M. elengi 
seed coat 
M. indica 
seed 
kernel 
M. zapota 
seed 
kernel 
M. elengi 
seed 
kernel 
3331 3333 3336 3340 3360 3340 3293 3296 3301 
2919 2917 2918 2919 2923 2920 2917 2922 2922 
 2850 2850 2851 2854 - 2850 2853 2853 
1733 1733 1732 1733 1733 1731 1743 1744 1744 
1597 1614 1617 1606 1596 1601 1634 1652 1661 
- - - - - - 1538 1547 1547 
1505 1507 1506 1504 1506 1507 - - - 
1451 1446 1452 1444 1454  1455 1456 1455 
1423 1424 1421  1422 1429 1416 1416 1416 
1369 
1318 
1367 
1317 
1368 
1318 
1373 
1336 
1371 
1326 
1370 
1320 
1378 
1316 
1377 
1316 
1377 
1316 
1234 1241 1236 1236 1232 1236 1239 1239 1239 
1153 1147 1154 1155 1157 1158 1158 1143 1136 
1031 1031 1032 1034 1031 1032 1035 1034 1038 
896 897 894 881 895 896 923 1000 926 
819 826 828 824 825 823 831 831 831 
779 769 780 729 764 776 717 720 776 
557 558 557 549 557 558 557 - 568 
 
3.5 Phenol Content 
 
The phenol contents of MI, MZ and ME leaves, 
kernel and seed coat are summarized in Table 3. 
Polyphenols are secondary metabolites of plants, 
generally involved in defense against ultraviolet 
radiation or aggression by pathogens. Among 
them, flavonoids are the most well-known active 
polyphenols. The total polyphenol (TPh) content 
in the leaves, seed kernel and seed coat 
samples from MI, MZ and ME ranged from 24260 
to 28600 mg/kg, from 1850 to 23180 mg/kg, and 
from 7810 to 23060 mg/kg as tannic acid 
equivalents, respectively (Table 3). Similarly, 
flavonoid (Fla) contents in the leaves, seed 
kernel and seed coat samples from MI, MZ and 
ME varied from 11110 to 19480 mg/kg, from 
2700 to 13900 mg/kg, and from 1980 to 5870 
mg/kg as quercetin equivalents, respectively 
(Table 3). A very high TPh content (> 20000 
mg/kg) was detected in the leaves and seed 
kernel from MI, in the leaves from MZ, and in the 
leaves and seed coat from ME, respectively. In 
same way, high Fla contents (> 11000 mg/kg) 
were found in leaves from MI, MZ and ME. The 
{[TPh]/[Fla]} ratio in the leaves, seed kernel and 
seed coat samples from MI, MZ and ME varied 
from 1.3 to 2.6, from 0.1 to 2.0, and from 3.9 to 
5.4, respectively (Table 3). A high {[TPh]/[Fla]} 
ratio, ≥3.9, was observed for the seed coats. It is 
worth noting that the lowest {[TPh]/[Fla]} ratio 
was recorded for MZ seed kernel. 
3.6 Mineral Contents 
 
The sum of the total concentrations of 19 
elements (viz. K, Rb, Mg, Ca, Sr, Al, P, S, Cl, As, 
Ti, V, Mn, Fe, Co, Cu, Zn, Mo and Pb) in the 
leaves, seed kernel and seed coat from MI, MZ 
and ME varied from 882 to 26763 mg/kg, from 
11390 to 19385 mg/kg, and from 3619 to 14963 
mg/kg, respectively (Table 4). Six nutrients, viz. 
P, S, Ca, Fe, Cu and Rb, were detected in all 
leaves, seed kernel and seed coat samples. A 
remarkably high concentration of P was identified 
in the seed kernels from the three species, 
ranging from 871 to 1899 mg/kg. Extremely high 
concentrations of three elements (S, Ca and Fe) 
were detected in the leaves from MZ and ME. 
However, a different trend was observed for MI, 
in which the highest concentrations of S, Ca and 
Fe occurred in the seed coat. A high 
concentration of Cu was detected in the seed 
coats and leaves from MI and ME. Zn 
micronutrient was detected at moderate levels 
only in the seed kernels, ranging from 16 to 17 
mg/kg. Molybdenum was detected at low levels 
(3 mg/kg) in ME leaves. Toxic elements, such as 
As and Sr, were identified in all leaves at very 
low levels, ranging from 1.0 to 2.0 mg/kg and 
from 4 to 46 mg/kg, respectively. It is worth 
noting that the very toxic Pb was identified at 
moderate levels (10–19 mg/kg) in ME leaves and 
seed kernel, i.e., at concentrations several folds 
higher than the permissible exposure limit of 0.3 
mg/kg [31]. 
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Table 3. Phytochemical characteristics of plant parts from the three Sapotaceae species 
 
Parameter Madhuca indica Manilkara zapota Mimusops elengi 
Leaves Seed kernel Seed coat Leaves Seed kernel Seed coat Leaves Seed kernel Seed coat 
TPh 25900±510 a 23180±466 a  7810±154 a 24260±485 b 1850±38 b 11140±21 b 28600±510 c 2100±43 b 23060±432 c 
Fla 19480±380 a 11700±234 a 1980±37 a 15870±304 b 13900±270 b 2050±38 a 11110±228 c 2700±46 c 5870±120 b 
TPh/Fla 1.3 2.0 3.9 1.5 0.1 5.4 2.6 0.8 3.9 
Oil, % - 54.1±1.1 a - - 25.2±0.5 b - - 9.8±0.2 c - 
Soluble 
Starch, % 
- 9.3±0.2 a - - 8.5±0.2 b - - 6.7±0.1 c - 
Resistant 
starch, % 
- 2.30±0.05 a - - 0.77±0.02 b - - 0.81±0.03 b - 
TPh = total phenolic content; Fla = flavonoid content. The contents of the various constituents in the same plant part (either leaves, seed kernel or seed coat) labelled with the 
same lowercase letters were not significantly different at p < 0.05 using Tukey’s test 
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The seed cake is the product resulting after 
extraction of oil from the kernel. Since MI, MZ 
and ME seed kernels contained 54.1%, 25.2% 
and 9.8% oil, respectively, the seed cakes from 
MI, MZ and ME would be enriched by a factor of 
2.17, 1.33 and 1.11 in terms of starch, protein, 
phenols and mineral contents. The enriched 
concentration of starch in the seed cakes from 
MI, MZ and ME would be 25.2%, 12.3% and 
8.3%, respectively. Concentrations of TPh, Fla 
and TM (total mineral) in the seed cakes from MI, 
MZ and ME were 48803, 9722, 29056 mg 
TPh/kg; 2386, 7129, 24109 mg Fla/kg; and 2251, 
977 and 21517 mg/kg, respectively. As expected, 
the seed cake of MI was the most enriched, 
featuring the highest contents in minerals and 
phenols. However, a remarkably high 
{[TPh]/[Fla]} ratio of 22 was observed for the ME 
cake. 
 
3.7 Correlation Coefficients  
 
Correlations among oil, starch, TPh, Fla and 
mineral element contents in the seed kernels 
from the three selected Sapotaceae trees are 
summarized in Table 5. Phosphorous showed a 
good correlation with Fla, K, Cu, Zn and Rb                   
(r = 0.81–0.99), in agreement with P-
micronutrient interactions observed in other 
species [32], mainly for P-Zn when available K 
levels are increased [33], and also in agreement 
with studies that have shown that Rb is absorbed 
via a carrier that also applies to K [34]. Sulphur 
exhibited fair/strong (r = 0.67–0.98) correlations 
with a series of elements (viz. Mg, Ca, Sr and 
Fe), suggesting their accumulation as sulfide or 
sulfate compounds. Strong statistical correlations 
were also found among oil, starch, TPh, K and 
Zn; Mg, Ca, Sr, Mn and Fe; and Cl, Mn, Fe and 
Pb, indicating their accumulation as cofactor 
elements. 
 
While oil and TPh contents in the seed kernels 
showed a positive correlation with the seed 
kernel mass (r = 0.93 - 0.95), a reverse trend (r = 
-0.98) of the total element content with the seed 
kernel mass was found. Both for seed coat and 
leaves, the Fla content was statistically 
correlated with the mass (r = 0.94 and r=0.63, 
respectively). In the leaves, arsenic showed a 
moderate to strong correlation with TPh and Fla 
content (r = 0.63-0.93), possibly due to complex 
formation. 
 
Table 4. Mineral contents in the plant parts from the three selected Sapotaceae species  
 
Parameter Madhuca indica Manilkara zapota Mimusops elengi 
Leaves Seed 
kernel 
Seed 
coat 
Leaves Seed 
kernel 
Seed 
coat 
Leaves Seed 
kernel 
Seed 
coat 
Mg <DL <DL 921 1345 611 <DL 1408 670 <DL 
Al <DL <DL <DL 153 <DL <DL 381 <DL <DL 
P 475 1293 650 612 1899 56 630 871 320 
S 439 1083 1382 2334 1879 250 2357 1658 479 
Cl 1705 37 1704 1896 <DL <DL 940 1923 <DL 
K 4872 10643 8987 8875 8816 <DL 3233 8300 2108 
Ca 1104 266 1750 8994 4803 5975 16256 5822 617 
Ti <DL <DL <DL 93 <DL <DL 38 <DL <DL 
V <DL <DL <DL 1.5 <DL <DL 1.5 <DL <DL 
Mn 17 <DL 29 153 8 13 60 25 <DL 
Fe 182 29 235 2912 47 125 1261 68 76 
Co <DL 1 <DL 2.5 1 1 4 1 1 
Cu 13 4 214 45 5 6 123 3 5 
Zn <DL 16.5 <DL <DL 16.5 <DL <DL 15.5 2.5 
As 1.5 <DL <DL 2 <DL <DL 1 <DL <DL 
Rb 11 17 9.5 9 23.5 1 1.5 9 6 
Sr 3 <DL 2.5 34.5 18 29 46 10 4 
Mo <DL <DL <DL <DL <DL <DL 2.5 <DL <DL 
Pb <DL <DL <DL <DL <DL <DL 19 9.5 <DL 
<DL = Below detection limit
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Table 5. Correlation coefficient matrix for the different constituents found in the Sapotaceae seed kernels 
 
 Oil Starch TPh Fla Mg P S Cl K Ca Mn Fe Cu Zn Rb Sr Pb 
Oil 1.00                 
Starch 1.00 1.00                
TPh 0.94 0.90 1.00               
Fla 0.63 0.70 0.32 1.00              
Mg -0.96 -0.93 -1.00 -0.40 1.00             
P 0.24 0.33 -0.11 0.90 0.02 1.00            
S -0.81 -0.75 -0.97 -0.06 0.94 0.37 1.00           
Cl -0.76 -0.81 -0.48 -0.99 0.55 -0.82 0.23 1.00          
K 0.99 0.97 0.98 0.52 -0.99 0.11 -0.89 -0.66 1.00         
Ca -0.98 -0.96 -0.98 -0.49 1.00 -0.07 0.90 0.63 -1.00 1.00        
Mn -0.93 -0.96 -0.74 -0.88 0.80 -0.59 0.54 0.94 -0.87 0.85 1.00       
Fe -0.98 -0.99 -0.84 -0.79 0.88 -0.45 0.67 0.88 -0.94 0.92 0.99 1.00      
Cu 0.34 0.43 -0.01 0.94 -0.08 0.99 0.27 -0.87 0.21 -0.17 -0.67 -0.54 1.00     
Zn 0.77 0.82 0.49 0.98 -0.57 0.81 -0.25 -1.00 0.67 -0.64 -0.95 -0.89 0.87 1.00    
Rb 0.40 0.48 0.05 0.96 -0.14 0.99 0.21 -0.90 0.27 -0.23 -0.71 -0.59 1.00 0.89 1.00   
Sr -0.69 -0.62 -0.90 0.12 0.86 0.53 0.98 0.05 -0.78 0.81 0.37 0.52 0.44 -0.06 0.39 1.00  
Pb -0.77 -0.82 -0.49 -0.98 0.57 -0.81 0.25 1.00 -0.67 0.64 0.95 0.89 -0.87 -1.00 -0.89 0.06 1.00 
TPh = Total phenolic, Fla = Flavonoid 
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4. CONCLUSIONS 
 
The seeds from the three selected Sapotaceae 
trees featured high lipid contents, in the 9.8–
54.1% range, as well as moderate starch 
concentrations, in the 6.7–9.3% range, in good 
agreement with the information retrieved from 
their FTIR spectra. The leaves and seed cakes 
from M. indica and M. zapota were found to be 
promising sources of nutrients and antioxidants, 
including polyphenols, flavonoids, P, S, K, Ca 
and Fe, suggesting a possible valorization in 
animal feeding and as herbal medicines. The 
concentrations of toxic elements, such As and 
Sr, remained below safety limits. Another is the 
case for M. elengi leaves and seed kernel, in 
which Pb concentration was higher than the 
allowed exposure limit, precluding its use for 
aforementioned applications. In view of the 
thermal stability shown by its samples, M. elengi 
biomass could be valorized as a raw material for 
production of thermoplastics or for biodiesel 
production, due to the robust combustion 
characteristics of its seed kernels. 
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